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Introduction
Excretion information is one of the crucial indicators of human health. Daily excretion monitoring plays an important role in detecting diseases related to excretion. With the possibility of easily acquiring excretion information even at home, the burden on the subject is reduced, and it is possible to automatically acquire excretion information over long periods of time. We developed an excretion monitoring system equipped with non-contact temperature sensor installed under a toilet seat [1] . Subjects sometimes defecate when voided urine volume is measured. Therefore, a method is required to distinguish whether urine or feces are excreted. In this study, we developed a method to distinguish the excreta using a semiconductor gas sensor. Figure 1 shows the position of a semiconductor gas sensor (TGS 2450, Figaro Eng. Inc., Osaka, Japan) installed under the toilet seat. The gas sensor has high sensitivity to methyl mercaptan and hydrogen sul de and also reacts with ethanol and ammonia. The distance from the water surface in the toilet bowl to the gas sensor was 130 mm, and the detection surface faced toward the center of the toilet bowl. The gas sensor was controlled by a microcomputer (Arduino Uno, Arduino Srl., Torino, Italy). The sampling frequency was 4 Hz.
Methods
This study protocol was approved by the ethics committee of University of Toyama . Twelve healthy adult males (27 ± 11 years old) participated in this study. The subjects voided urine into the toilet bowl equipped with the excretion monitoring system from the 2nd to 20th of February 2018. Room temperature was between 9.2 and 13.8ºC. In case subjects felt bowel movement, they defecated after 5 minutes or more after urination. The urination and defecation were separately recorded. The excreted feces were recorded according to the Bristol Stool Form Scale (BSFS), which classi es stool hardness into 7 categories [2] . The body weight of subjects was measured using a scale (DP-7800PW-120: full scale 120 kg, resolution 20 g, Yamato Scale, Akashi, Japan) before and after excretion. Amplitude and duration of the gas sensor output for both urination and defecation including abdominal wind were decided manually. In the excretion monitoring system, non-contact temperature sensors measure the ow rate of excretion. The principle of this method was reported previously [1] .
Results and Discussion
From all subjects, excretion data was obtained 37 times (27 urination and 10 defecation episodes). A typical example of defecation following urination is shown in Fig. 2 . The ow rate obtained from the non-contact temperature sensor indicated urination and defecation between 14:37 and 14:53. The output of the gas sensor increased transiently during both urination and defecation. The measured weights of urine and feces were 240 g and 60 g, respectively. The BSFS was type 3 (like a sausage but with cracks on its surface). During defection, the subject had abdominal wind after sitting down at 14:48, and then defected two times at 14:49 and at 14:52. Finally, the subject wiped his anus with paper at 14:53. Since we had no video or audio recording of the excretion, these event times were estimated by analyzing the non-contact temperature sensor of the excretion monitoring system and interview of the subject. From the data of gas sensor output, we speculated that the output increased sharply at 14:48 because of abdominal wind, and thereafter decreased monotonically, except a slight increase at 14:51 because of the rst defecation. From the ow rate data, we speculated that large signals were obtained because of the rst and the second defecations at around 14:49 and 14:52, respectively. We also speculated that large signals were obtained because of the wipe with toilet paper at around 14:53. Changes in gas sensor output due to defecation including abdominal wind were larger in magnitude than those due to urination. Moreover, the output duration due to defecation was longer than that due to urination. The excretion results obtained from other excretion episodes exhibited similar trends.
The average measured weights of urine and feces were 255 ± 25 g (mean ± SE, n = 27) and 158 ± 35 g (n = 10), respectively. Average changes in output and average output duration of the gas sensor resulting from the excretion detection are shown in Fig. 3 . The changes in output of defecation were signi cantly larger than those of urination (p < 0.001, Mann-Whitney test). The output duration of defecation was likewise signi cantly longer than that of urination (p < 0.001, Mann-Whitney test). These results suggest that urination and defecation can be distinguished using the gas sensor. In this study, urination and defecation were separately recorded. If a person urinates and defecates or releases abdominal wind within a short duration, distinction between urination and defecation or abdominal wind would be dif cult because the response of the gas sensor is large.
We recorded one BSFS type 2 (sausage-shaped but lumpy), three type 3 (like a sausage but with cracks on its surface), three type 4 (like a sausage or snake, smooth and soft), and three type 5 (soft blobs with clear-cut edges) feces. The amplitude of the gas sensor output was proportional to the defecation weight. Thus, output normalized by defecation weight was calculated and the results were related to the BSFS type (Fig. 4a) . There was no signi cant trend regarding the BSFS type (Kruskal-Wallis test, Steel-Dwass), but the normalized output apparently increased with higher BSFS type. This result implies a possibility that larger output values are obtained for loose stools. Moreover, there was no signicant trend in normalized output duration regarding the BSFS type (Kruskal-Wallis test, Steel-Dwass).
The output of the gas sensor is sensitive to temperature and humidity. When relative humidity is high, the output of the gas sensor increases. Furthermore, as the temperature rises, relative humidity decreases, and the output of the gas sensor decreases in turn. Thus, the output of the gas sensor is affected by both temperature and relative humidity. Nevertheless, this study demonstrates that the changes in peak amplitude and duration due to excreta ef ciently distinguish the type of excretion, i.e., urination or defecation. These results suggest that the effects of temperature and relative humidity on the gas sensor are smaller than the effect of excretion odor. 
Conclusion
Odors due to human excretion were detected with a gas sensor installed under the toilet seat. The peak amplitude and duration of the gas sensor output recorded during defecation were signi cantly greater than those recorded during urination, allowing distinction of the type of excretion.
